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Heterogeneity of the rabbit collecting tubule: Localization of mm-
eralocorticoid hormone action to the cortical portion. This study was
designed to examine the sodium, potassium, and chloride transport
rates across the cortical and outer medullary collecting tubule and to
localize the action of mineralocorticoid hormone. Rabbit collecting
tubules were dissected from the cortex (CCT), the outer stripe of the
outer medulla (OMCTO), or the inner stripe of the outer medulla
(OMCT1). From normal rabbits, the transepithelial voltage was —20.8
2.7 mY in CCT, —4.2 1.4 mY in OMCTO, and + 10.6 2.3 mV in
OMCT,. From DOCA-treated rabbits, only the CCT voltage was
different (—42.9 mV). Net sodium absorption across the CCT increased
with DOCA-treatment from 23 5 to 54 8 pEq mm min,
whereas net potassium secretion increased from 15 2 to 43 5 pEq
mm' min'. Net chloride absorption was significant only in DOCA-
treated rabbits. The OMCT1, in contrast, displayed no net transport of
sodium, potassium, or chloride and had a lower rate coefficient for
sodium efflux than did the CCT. DOCA treatment had no effect on any
transport rate measured in this segment. The OMCTO had small
potassium secretion, which did not increase with DOCA treatment. The
collecting tubule is heterogeneous along its length with respect to ion
transport. Mineralocorticoid-hormone-sensitive sodium absorption is
present predominantly, if not exclusively, in the cortical collecting
tubule.
Hetérogéneite du canal collecteur de lapin: Localisation de l'action des
minéralocorticoIdes sur Ia portion corticale Ce travail a été réalisé afin
d'étudier le transport de sodium, potassium, et chlorure a travers le
tube collecteur cortical et médullaire externe et pour localiser l'action
de l'hormone minéralocorticoIde. Des tubes collecteurs de lapin ont été
disséqués a partir du cortex (CCT), de Ia couche externe de Ia
mCdullaire externe (OMCTO), ou de Ia couche interne de Ia médullaire
externe (OMCT1). Pour les lapins témoins les differences de potentiel
transCpithéliales étaient de —20,8 2,7 mV dans Ic CCT, —4,2 1,4
mY dans l'OMCT1 et + 10,6 2, 3 mV dans I'OMCTO. Pour les lapins
traitCs par Ia DOCA seul Ic potentiel du CCT était different (—42,9 mV).
L'absorption nette de sodium a travers le CCT a augmenté aprés
traitement par Ia DOCA de 23 5a 54 8 pEq mm' min alors que
Ia sCcrétion nette de potassium augmentait de 15 2 a 43 5 pEq
mm min. L'absorption nette de chlorure n'était significative que
chez les lapins traités par Ia DOCA. L'OMCT,, au contraire, n'était le
siege d'aucun transport net de sodium, potassium, ou chlorure et avait
un coefficient d'effiux de sodium plus faible que celui du CCT. Le
traitement par la DOCA n'avait d'effet sur aucun debit de transport
mesuré dans cc segment. L'OMCTO avait une sécrétion faible de
potassium, non augmenté par Ia DOCA. Le tube collecteur est hétéro-
gene en cc qui concerne le transport ionique. L'absorption de sodium,
sensible aux minéralocorticoldes, est prédominante, sinon exclusive,
dans le canal collecteur cortical.
The rabbit cortical collecting tubule (CCT) absorbs sodium
and secretes potassium [1—4]. Although little is known about ion
transport across the rabbit medullary collecting tubule, there
are several differences between the CCT and medullary collect-
ing tubule. (1) There is a marked decrease in the concentration
of intercalated cells as the collecting tubule descends from the
cortex into the medulla [5, 61. (2) Both the intercalated cells and
the principal cells appear to change morphologically with their
position [5, 6]. (3) The spontaneous transepithelial voltage (VT)
changes from (lumen) negative in the CCT to positive in the
outer medullary collecting tubule dissected from the inner stripe
(OMCTI) in DOCA-treated rabbits [7]. (4) The OMCT1 secretes
hydrogen ions over a wide range of physiologic conditions [8]
whereas the CCT is capable of net hydrogen ion secretion only
under certain conditions [9].
The present experiments were designed to examine three
questions. First, does the change in VT with position seen in
DOCA-treated rabbits [7] also exist for normal rabbits? Second,
does the change in polarity of the VT represent a change in the
intrinsic transport mechanisms for sodium and potassium or
does the positive VT represent a superimposition of a rheogeni-
cally more potent transport system upon the sodium-absorptive
system of the CCT? Third, does the medullary collecting tubule
respond to mineralocorticoid hormone in a fashion similar to
the CCT?
The results indicate that sodium absorption and potassium
secretion are localized predominantly, if not exclusively, to the
CCT; that the positive VT in OMCT1 does not represent a
rheogenically more potent transport system superimposed on a
sodium absorptive system evident in the CCT; and that the
action of mineralocorticoid hormone is confined to the CCT.
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Methods
Segments of the cortical and outer medullary collecting
tubule were dissected and perfused in vitro by techniques that
have been previously described [10, 11]. Briefly, New Zealand
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Table 1. Characteristics of collecting tubules from normal rabbitso
Location N Bath solution
Perfusion rate
nl min' Lengthmm KNanm sec'
CCT 13 Isotonic 3.88 2.0 71,8b
OMCT0 8 Hypertonic 3.95 1.8 52.4
OMCT1 7 Hypertonic 3.45 1.6 54.3
Values are means SEM. KNa is sodium effiux rate coefficient; CCT, cortical collecting tubule; OMCT0; outer stripe of the outer medulla;
OMCT1, inner stripe of the outer medulla.
b P < 0.05, compared to OMCTO and OMCT1, by analysis of variance.
Fig. 1. Diagram of regions from which collecting tubules were dissect-
ed. CCT is cortical collecting tubule; OMCTO, collecting tubule dissect-
ed from the outer stripe of the outer medulla; OMCT,, collecting tubule
dissected from the inner stripe of the outer medulla.
white rabbits, each weighing between 1.2 and 2.5 kg were
decapitated, a kidney was removed, and 1 to 2 mm slices were
placed in a chilled solution identical to that used in the
experiment except that fetal calf serum (5% vol/vol) was added
to reduce adherence of the tubule to glass. All rabbits had free
access to food and water up to the time of sacrifice. Rabbit
chow (obtained from Yoder Feed, Kalona, Iowa) contained 140
mEq of sodium and 390 mEq of potassium per kilogram of feed.
Some rabbits received desoxycorticosterone acetate (DOCA; 5
mg/day, i.m.) for 1 to 6 days, and the tubules dissected from
these kidneys are so identified.
The isotonic bathing solution contained the following: 105
m sodium chloride, 5 m potassium chloride, 25 m sodium
bicarbonate, 2.3 mr't dibasic sodium phosphate, 10 m sodium
acetate, 1 m magnesium sulfate, 1.8 m calcium chloride, 8.3
mM glucose, and 5 mM L-alanine. The hypertonic bathing
solution contained in addition 45 m sodium chloride and 25
m urea in order to simulate more closely the composition of
interstitial fluid from the outer medulla [12]. Osmolalities of the
two solutions were 295 3 and 400 3 mOsm/kg H20,
respectively. The tubules were perfused with a solution identi-
cal to the bath to which was added 0.3 mg/ml FD&C green dye
#3 (Keystone Aniline and Chemical Co., Chicago, Illinois) to
visualize the perfusate; 75 to 100 .Ci/ml methoxy-3H-inulin
exhaustively dialyzed according to Schafer et al [13] for use as a
volume marker, and 30 to 40 Ci/ml 22Na. All solutions were
gassed with 95% oxygen and 5% carbon dioxide so that the pH
was 7.4.
Tubules were dissected, transferred to a plastic (Lucite5)
chamber, connected to concentric glass pipettes, and perfused
at rates between 3.6 and 4.2 nI/mm. All experiments were
conducted at 37 0.50 C. Each tubule was allowed to equili-
brate for 90 mm or until the transepithelial voltage (VT) was
stable, whichever was longer. The circuitry for voltage mea-
surements has been described previously [11]. The tubule was
monitored for mechanical leaks by calculating volume absorp-
tion (Jv) on each collection by a standard formula [111 and
periodically monitoring the bath for tritium. Tubules displaying
a Jv greater than nI mm' min' or having greater than
1% of perfused 3H appearing in the bath were discarded (N =
10). The bath was continuously changed at a rate of 0.5 mI/mm.
Careful attention was directed to the origin of the collecting
tubule used in each experiment. Cortical collecting tubules
were dissected from the midcortex in a standard fashion.
Collecting tubules were also dissected from the outer medulla.
Tubules dissected from the outer stripe of the outer medulla
(OMCTO) had their proximal origin at the corticomedullary
junction as defined by the area where the proximal convoluted
tubules no longer exist. All such tubules were perfused ante-
grade so that the measured VT was at the superficial end. The
mean length of these tubules was 1.8 0.2 mm (Table 1).
Tubules dissected from the inner stripe of the outer medulla
(OMCT1) averaged 1.6 0.2 mm in length and were also
perfused antegrade. As depicted in Fig. 1, the most superficial
portion of the inner stripe is delineated by the transformation of
the pars recta to the thin descending limb of Henle's loop. In the
rabbits used in these experiments, the outer stripe of the outer
medulla was 1.0 to 1.2 mm in length, and the inner stripe was
1.2 to 1.5 mm, as measured by a reticle in the dissecting
microscope. Thus, it is clear that many of the tubules dissected
from these two areas of the outer medulla extended to some
extent into the next deeper region. The majority of the length of
each tubule resided, however, in the region so designated.
Tubules from the inner stripe always had their deeper end
superficial to the first branch point within the inner medulla.
Cortex
Outer medulla
Papilla
Inner stripe
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The sodium effiux rate coefficient (KNa) was calculated from
the disappearance of sodium from the perfusate by the follow-
ing expression':
—
2VL (C— C)KNa — — (C + C)
where VL is the collection rate (cm3 sec _i); A, the area of the
luminal surface of the tubule (cm2) assuming a lumen diameter
of 25 p.m, and C and C°the activity of 22Na in the perfused and
collected fluid, respectively. KNa (nmlsec) is used in this study
instead of the more conventional flux term (JN01",pEq mm
min) to facilitate comparison between groups of tubules irre-
spective of sodium concentration and mechanism of transport.
In most experiments, the timed collections for measurement
of tritium and 22Na activities were alternated with timed collec-
tions for determination of sodium, potassium, and chloride by
electron probe microanalysis. Three collected samples and
three samples of the perfusion solution (each 40 to 50 nI) were
stored in tempered glass (Pyrex) micropipettes between oil at
4° C overnight. Extensive evaluation demonstrated no change
in sodium, potassium, or chloride concentration for up to 1
week of storage.
The techniques for electron microprobe analysis were first
reported by Ingram and Hogben [14]. Subsequent modifications
'The derivation of this form of the expression for the tracer rate
coefficient is as follows. The amount of tracer effiux (J, cpm cm2
sec) across the epithelium is
* /OC—VLC
Jib— A (1)
where V0 is the perfusion rate (cm3 sec') and in these experiments is
equal to VL. We assume that tracer effiux accurately reflects total
unidirectional effiux (Jib, pEq cm2 sec') and thus
JibJib —
p
(2)
where p is the specific activity of the perfusate (cpm pEq). By
definition, the efilux rate coefficient (KNO) is
Jib
rNa c (3)
where is the mean concentration of the perfused solute (pEq cm3)
and
- C,+C_c=
Combining Eqs. 1—4, and equating V0 with VL, we obtain the expres-
sion for KNa. We acknowledge that changes in p along the length of the
tubule may result in small inaccuracies in the estimation of KN0. But,
the advantages of expressing the unidirectional effiux in this way
outweigh the small errors reulting from differences in p from tubule to
tubule. Another expression for the effiux rate coefficient (derived for
diffusional effiux) is
VL C0
KNa In —
At infinite flow rates these values for KNa approach each other.
were suggested by Cortney [15], Morel, Roinel, and LeGrimel-
lee [161, and Lechene and Warner [171. The methods used in
this study incorporate some of these modifications. Pipettes
were drawn to produce a long taper, the tip removed such that
the tip diameter was under 2 rim, and a fiducial mark was made
2 to 3 mm from the tip. Volume of the pipettes averaged 30 to 50
p1.
The substrates used for this study were quartz discs. The disc
surface was prepared by an initial detergent wash, a distilled
water rinse, a sulfuric acid-potassium dichromate wash, and a
final distilled water rinse. The dried slides were then dipped in
chlorotrimethyl silane (0.5% in zylene) and dried vertically.
This step is necessary to limit the size of the microdrop.
Aliquots of standard solutions, collected samples, and sam-
ples of the perfusion solution were all deposited in quintuplicate
by the same pipette. A series of six standard solutions were
used, containing the following ranges of concentrations: sodi-
um, 25 to 200 mEq/liter; potassium, 0.7 to 20 mEq/liter; and
chloride, 50 to 204 mEq/liter. For each tubule examined, three
samples of perfusate and three samples of collected fluid were
analyzed. Droplets were deposited under mineral oil saturated
with water, using a reticle to record their positions. No more
than 50 droplets were placed on a given disc, as some dehydra-
tion might occur within 30 to 45 mm, resulting in large crystal
formation. Upon completion of each disc, the mineral oil was
dissolved in xylene and quickly plunged into supercooled liquid
nitrogen. All discs from a single day were freeze-dried together,
starting at — 150° C and warming overnight at room tempera-
ture, in a vacuum of 6 x l0_2 Torr, with a condensor surface 5
cm from the discs at —196° C. Dried spots were circular and
contained crystals below I p.m in diameter. Discs were stored in
a dessicator, as rehydration can easily occur in room atmo-
spheric humidity. About 20 nm of carbon was evaporated onto
the discs prior to analysis. Each drop was analyzed on a
modified microprobe (Applied Research Laboratories, EMX
model 21100-59) operated at 15 kV. Specimen current was 100
nA, and was manually held constant to one part in 500. The
beam diameter was adjusted to accommodate the largest spot,
usually about 75 p.m. Each spot was counted for 50 sec.
Sodium, potassium, and chloride were each analyzed with
wavelength dispersive spectrometers using diffraction crystals.
A Linc 8 computer (Digital Equipment Corp., Maynard, Massa-
chusetts) was used as the basis for a computer-controlled data
collection system, supplying number of counts, time period,
and integrated specimen current.
Representative standard curves for absolute values of sodi-
um, potassium, and chloride are given in Fig. 2. The coefficient
(4) of variation for each ion from calibration solutions was consis-
tently less than 3%. Values for the perfusion solutions that were
handled in a fashion identical to the collected samples were:
sodium, < 3.0%, chloride, < 4.5%, and potassium, < 8%.
Minimum detection limits for these conditions were 0.5 mEq/
liter for potassium, 0.7 mEq/liter for chloride, and 1.0 mEq/liter
for sodium, as computed on the basis of 3 SD above back-
ground. The relatively large coefficient of variation for potassi-
um at 5 mEq/liter is a result of its proximity to the minimum
detection limit. But, the resulting SD is 0.4 mEq/liter, an
acceptable variance for measurements of potassium in this
system.
7,000
a)
3,000
5,000
a)
4,0000
C)
3,000
2,000
1,000
Location N Days onDOCA Bath solution
Perfusion rate
n1 ,nin' Lengthmm KNanm sec1
CCT 9 4.2 Isotonic 3.84 1.9 147b
OMCT0 5 6.4 Hypertonic 3.88 1.9 54.3
OMCT, 8 5.6 Hypertonic 3.59 1.6 57.8
OMCT 8 4.7 Isotonic 3.96 1.5 55.1
12.2
Values are the means SEM. Abbreviations are defined in Table 1.
bP < 0.05, compared to OMCTO and OMCT,, by analysis of variance.
By subtracting the concentration of the ion [ii in the collected
fluid []L from that of the perfused [iJ0, net transport (J1net) was
calculated:
jnet = ([i10 - []L)
where L is the length of the tubule (mm). The determination of
UI0 and [ilL on the same disc from samples handled in an
identical fashion optimized the possibility that we could detect
significant differences between the two solutions.
Statistical analysis was conducted by either paired or un-
paired Student's t test, analysis of variance, or analysis of
covariance as appropriate. Data are expressed as the means
SEM.
Results
The mean values for perfusion rate, length, and sodium efflux
rate coefficient (KNa) for normal rabbits are displayed in Table
1. For DOCA-treated rabbits, the results are displayed in Table
2. Perfusion rates were comparable, and the lengths were as
comparable as was technically possible. The KNa was signifi-
cantly greater in CCT than in OMCTO or OMCT1, both in
normal rabbits and in DOCA-treated rabbits (P < 0.05 by
analysis of variance). The KNa of tubules from OMCTO and
OMCT1 were not different whether they were dissected from
normal rabbits (Table 1) or DOCA-treated rabbits (Table 2). In
addition, KNa of OMCT1 taken from DOCA-treated rabbits
evaluated in an isotonic medium (Table 2) was not different than
the KNa of outer medullary collecting tubules evaluated in a
hypertonic medium. The KNa of CCT from DOCA-treated
rabbits was significantly higher than the KNa of CCT from
normal rabbits (P < 0.01, unpaired t test), a finding consistent
with previous observations [3, 4].
Figure 3 depicts the change in VT with time after warming to
37° C in representative experiments. Although the reasons for
the transients in VT are not known, the patterns are so typical
that the segment being examined could usually have been
identified without prior information regarding its origin. The
CCT from DOCA-treated rabbits displayed a brief (3 to 6 mm)
increase in lumen negativity, followed by a rapid return toward
zero and a subsequent gradual increase in the lumen-negative
VT plateauing within 60 to 90 mm. The typical CCT from a
normal rabbit did not display the initial negative voltage deflec-
tion and stabilized at a less negative VT. In contrast, the OMCT,
displayed an initial positive deflection within 5 mm after warm-
ing, which stabilized within 20 mm and remained constant for
the duration of the experiment.
Figure 4 displays the steady-state VT in all tubules studied. In
normal rabbits the VT of CCT was consistently negative (mean,
0,000
9,000
8,000
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Fig. 2. Standardcurves for sodium, potassium, and chloride for a representative experiment. Each point represents a single determination on a
separate microdrop of the indicated standard solution.
Table 2. Characteristics of collecting tubules from DOCA-treated rabbits
y = 276x + 9669
r= 0.996 y= 85.6x + 1738r= 0.999
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The concentrations of sodium, potassium, and chloride in the
perfused and collected fluid of tubules taken from normal
OMCT rabbits are displayed in Table 3. There was no difference
between the perfused and collected sodium, potassium, or
—
chloride in OMCTI. In OMCTO, only the potassium was differ-
ent in perfused and collected fluids. The small increase in
concentration of 1.4 mEq/liter in these five tubules was statisti-
cally significant (P < 0.05 by paired analysis). In the CCT,
sodium fell from 136 to 123 mEq/liter and potassium increased
from 4.50 to 13.7 mEq/liter (P < 0.01). Chloride showed no
change.
Similar data are displayed for DOCA-treated rabbits in Table
4. In the CCT, sodium decreased from 139 to 110 mEq/liter,
potassium increased from 4.63 to 27.2 mEq/liter, and chloride
decreased from 105 to 95 mEq/liter (all differences significantly
greater than 0 by paired t analysis, P < 0.01). In contrast,
tubules from OMCTO and OMCTI did not alter the concentra-
tion of sodium, potassium, or chloride measurably. Because
this difference might be due to the tonicity of the solution rather
than to an intrinsic difference in the epithelium, an additional
A $ series of eight experiments were conducted on tubules perfused
and bathed with isotonic solution (Table 4). Under these
—
___ conditions, DOCA treatment did not elicit measurable netT : transport of sodium, potassium, or chloride.
A The net flux of sodium, potassium, and chloride across each
segment of cortical and outer medullary collecting tubule is
displayed in Figs. 5 and 6. The CCT from normal rabbits (Fig. 5)
absorbed sodium and secreted potassium, a finding observed by
several investigators [1—41. In addition, net chloride transport
was not different than zero, a finding also consistent with
previously reported observations [18]. Within the outer medul-
lary collecting tubule only in the outer stripe was potassium
secretion significant, but the mean value, —2.5 5 pEq mm'
min, was small compared to the values found in the CCT.
DOCA-treatment (Fig. 6) evoked an increase in net sodium
absorption, potassium secretion, and net chloride absorption
only in CCT. Consistent with the effect on KNa and VT, there
NS was no change in net sodium, potassium, or chloride transport
in collecting tubules from the outer medulla.
The site where mineralocorticoid hormone produces a kaliur-
esis and sodium retention can now be localized predominantly if
not exclusively to the CCT. Mineralocorticoid hormone appar-
ently has no effect on the distal convoluted tubule [19] or the
"connecting tubule" [201, at least as estimated from VT mea-
surements. The distal limit of this mineralocorticoid action can
now be established. The present studies provide evidence that
mineralocorticoid hormone-sensitive sodium absorption is not
present in the inner stripe of the outer medulla. This functional
change lies within the outer stripe of the outer medulla and is
probably gradual. The transition can not be detected with
certainty by light microscopy of isolated medullary collecting
tubules during perfusion, and may vary somewhat from tubule
to tubule as evidenced by the range of VT in OMCTQ (Fig. 4).
The present functional evidence for this localization of mm-
eralocorticoid hormone action to the CCT is supported by the
recent studies of Marver and Schwartz [211 by using a microen-
zymatic assay of isolated rabbit tubules, and the studies of
Scholer, Mishina, and Edelman [22], who demonstrated en-
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Fig. 3. Pattern of voltage change after warming to 37°C in OMCT1,
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Fig. 4. Steady-state voltage in all tubules studied. Open figures
represent tubules from normal rabbits; closedfigures, tubules from
DOCA-treated rabbits. Triangles represent hypertonic medium; circles
represent isotonic medium.
—20.8 2.7 mV), whereas in the OMCTO VT was either
positive or negative (mean, —4.2 1.4 mV). The OMCTI had
values that were consistently positive (mean, + 10.6 2.3 mV).
In rabbits treated with DOCA, the CCT had a larger negative
value for mean T (—42.9 4.4 mV) than did the CCT (P <
0.01, unpaired t), whereas mean values for OMCTO and OMCT1
(—5.6 5.3 and +9.1 1.1 mV, respectively) did not differ
from comparable segments from normal rabbits. Likewise, the
mean VT of OMCT, from DOCA rabbits examined in isotonic
solution (+9.7 2.4 mV) was not different than the other two
groups of OMCT1 examined in hypertonic medium (Fig. 4).
Taken together, the VT and KNa of the seven groups of tubules
vary as a function of position rather than the tonicity of the
medium (analysis of covariance, P < 0.05).
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Table 3. Concentration of sodium, potassium, and chloride in perfused and collected fluid of collecting tubules from normal rabbitsa
Perfused Collected
[Na] [K] [Cl][Na] [K] [Cl]
mEqiliter NmEqiliter
CCT-I 136 4.50 104 123b 13.7b 101 7
OMCT0-H 184 4.47 156 180 5
OMCTrH 180 4.68 149 180 4.64 147 7
Values are the means SEM. H and I refer to the osmolality of the perfusing and bathing media hypertonic or isotonic, respectively. Other ab-
breviations are defined in Table 1.
b p < 0.01, using paired comparisons of perfused to collected concentrations.
P < 0.05.
Table 4. Concentrations of sodium, potassium, and chloride in perfused and collected fluid of collecting tubules from DOCA-treated rabbits
Perfused Collected
[Na] [K] [Cl] [Na] [K] [Cl]
mEqiliter mEqiliter N
CCT-I 139 4.63 105 IlOb 27.2b 95b 8
OMCT0-H 183 4.36 159 183 5.27 159 5
OMCT1-H 183 4.37 154 181 4.26 152 6
OMCT1-I 144 4.54 111 144 4.35 112 8
Values are the means SEM. Abbreviations are defined in Tables 1 and 3.
b P < 0.01, using paired comparisons of perfused to collected concentrations.
hanced binding of 3H-aldosterone to rat distal nephron seg-
ments. These studies support the notion that, within the cortex,
the CCT is the only epithelium that has the capability to
respond to mineralocorticoid hormone.
There is one other study where sodium and potassium
transport have been measured in the outer medullary collecting
tubule of the rabbit. Fine and Trizna [231 reported sodium and
potassium transport rates comparable to the CCI. The differ-
ence between their results and the present results may be in the
definition of the corticomedullary junction, or their use of
isotonic rather than hypertonic solutions, or both. Although we
can't be certain that the use of hypertonic solutions affect
sodium and potassium transport in OMCTO, which might be-
have as CCT, it is clear that the difference in fluid composition
cannot explain the major finding of the change in the nature of
sodium and potassium transport in OMCT1.
Two features of collecting tubule heterogeneity deserve spe-
cific comment: the nature of the positive VT and the implica-
tions of the absence of active sodium and potassium transport in
the outer medullary collecting tubule.
A lumen-positive VT in the rabbit collecting tubule can be
found under several circumstances. It is generated spontane-
ously in OMCT1 (Fig. 4 and Ref. 7). It is found in the CCT under
conditions of in vivo salt loading before sacrifice [241 or
maneuvers designed to inhibit sodium absorption [2, 24]. The
origin of this positive VT is controversial. Stoner, Burg, and
Orloff [2] have presented evidence that suggests that it repre-
sents hydrogen ion secretion, whereas Hanley et al [24] suggest
that active chloride absorption may play a major role. Although
there may be some controversy regarding the origin of the
positive VT in the CCT, there should be less disagreement
regarding the source of this VT in OMCTI. The replacement (or
superimposition) of an active chloride transport system for the
active sodium absorptive system of the CCT is not tenable
because net sodium and chloride transport are zero (Figs. 5and
6). Rather, the findings of a consistent bicarbonate absorption
by Lombard, Jacobson, and Kokko [8] support the notion that
this positive VT is due to hydrogen ion secretion.
The consequences of the disappearance of active sodium and
potassium transport in the OMCT1 to the overall function of the
kidney is not immediately obvious. Several investigators have
documented net sodium addition to the medullary collecting
tubule following volume expansion [25—27]. Although it is
probable that the net sodium and chloride addition after isotonic
volume expansion is due in large part to heterogeneity of
nephron function, that is, addition of sodium chloride from
juxtamedullary nephrons, the possibility exists that a small
amount of sodium or chloride could be added to the OMCT1
luminal contents by diffusion because the epithelium appears to
have a finite (although reasonably low) permeability to sodium
(Table 3). A similar situation might also be true for potassium,
but the chemical gradient would favor absorption rather than
346 Stokes et at
Fig. 5. Net flux of sodium, potassium, and chloride across segments of
the cortical and outer medullary collecting tubule dissected from
normal rabbits. us isotonic solution; H hypertonic solution. *P <
tP < 0.05 compared to 0. Negative value indicates secretion.
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